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(57) [S»] 

i/-1f c: i:#T- § * «fc $ JC * 5. 
W&^m) 'J * U U y l 

iRTOPHWfc, »JS3feS^*-'*GaN*<Dg&*Jg2fe 

e#r$#W H«r***»6ii*iitO, An£ 1 0 



1 1 *fi W7T<7) 



2.3 pWRft 

is astttrm (p-o«n) 

2 »2*M <n-l ns.AI) 




18 **«9«|i«<»-Ale««|> 
17 »2ff-f KJf (9 -Q.N) 
1 6 tUU Cp-A I G«N) 

14 «1*<K«<n-«,M) 

15 H«5H( n -AIS,N) 



(2) 



20 



1 

[$3M8#©$jH] 

[m&m i ] v vmmfctom in- vmt&to* 

^III - V&Yb^¥«#:l/-T- tf„ 
[89*Jg 3 ] ±§3S&#® 

Ha®©^b$jm i i i-v^fb^i^^i/— tf 0 

3 s + v 7* J: »3 /J>^Sa:^.;i/^— ^ty^fct U 
't>F«B!RJKfc:<fcoT, ^Slx— tf^*i»i{X^-§ (A 1 
x Ga, In,_x -,) NT\ 0 ^x ^ 1 Ofjftfc: iot 

* em-»&T©GaN^ffi&*Jgfcj;oT^j«3ftT^ 
*£fc£4^fc*-*fitj^lfcg3tt©g<b^mi I I- 30 
VM6#NW*:i/-!f, 

ism***® < ftgtixftms— irfttztt? 

« 1 1 1 - v^fb^/^^i/— tf c 
[»««7]' ±gaig&*ji# x 

10 4 cm- 1 ^±i:^nfcGaN^3a^JitJ;^T^ 

fiK^nrfiKSdt ^ -r 5 w 5 t ga«©^fb«3 40 

« 1 1 1 - V^b-^^(*l/— !fo 
[»^S8J ±g3*S&*S#, (AhGa, In 
i-x NT% O^x^l, 0£y£l, O^x+y^ 

fc§a«©&fb^i 1 1 - vsfh^^^ u ^+p Q 
Cooo 13 

[*fiW©«-*-*ttffi#»J MrtJWU II- 

tf, ttfcJB^tf* KSGaN^^lz-lfKit. 50 
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5. 

[0 0 0 2] 

tffcisv^Tx mmmiH \*m#mi*u-ir 

[0 0 0 3] «6#<OJB*f*;tf-f KIGaN^^u- 
#lS©W«fc* SiO, «©!6»JBfcJ:ftSa*JB4ijg 

ied Physics Letters vol.72 pp2014 #f^) 0 
[0004] 

H^h*^, ffifi«ftt*««<, jemimas 
[0 0 0 5] ifcfc, iOta**OS'iO, tt, GaN 

»fc3*v>i;yi;fgT«WU »HlA«»«pt:, MEM 

[o o o 6] z<D£5izmm%®&-tz£& y vwm 
.tdfcK*©^— K*yt-3. -r&fc^ sii iic-e©i 

-L OfefctJ*) Wtft^iTJi^t, -©^ai^ 
iMW6HT?«lfe'r*«d, *fe> .«*© 

[0007] *5BWfc*5V>Ttt, 'Jf^H^ftSCi: 
^<x ttitet— K©|8^*EiatU K©HUE# 
ft^ftSfiJf^ KSGaN^I-ftto^gYb^i i 

[0 00 8] 



3 

I I-VM^»U- tftt* 'J«r«fi£fcU 
^©yy^OH^IfilOPSflat:, aJfil—tr^fclRiRtS 
GaN£©fi&#Jg£^fi£UTfi££<, ^©SMCK 

©, An£ 1 0- 9 £®S£i:©T-£&a£ 1 0 4 cm-' 

n, £©g&«wg©*m. mf§«j& w^jts^si 

£t5fc©T*&£o 

[0 0 0 9] £©£?&:> *^ifitc:iJ^-Cttx U f S>© 

ESfS3i:t:«J;^Tx 1 KIJU:©^*©*- F 
ft* sr f *lfeft*8f S * V SHI & 

[00 10] 

[»w©*as©jgJ!S] *»wtt, yyyffi«a*«#i/ 
-if&&j&t5*>©"Cfc»K zovvitomx&vmw 

l/fcJB$r*;*M FS^ilftl/— iffctS. 
Efc^Ti*, £©«&*«£* ffittJgafifcfc*!**, 
yy^«©MT?^3ftSJB$r*3iAna», JB*f* 20 

jtf-f An^ 1 o- 8 &t# sc:i:©r- 

»T#fc#«#iByKftRa#, a^lO 4 

cm- i ^m feKtteam 

®^«*)©^S„ 
[0 0 11] C©GaN^«ii»iilix 

7"fcSrrS0aNJR©tmJH, «fj*« (Al, Ga, I 
n,. x .,) Nt\ O^xglOlnOaN, AlGal 30 
nNtciotflffiStSo 

[0 0 1 2] fcSV>fciu GaN*y!&#Jgfcl,T*VtS' 
MNMKt:*6&l*«©©> »iR^S^rSx m*. 
tffgiift £<rF£*feG a N&#**/lfc £^T*flfi£t 
3. £©GaN^#3fti:LTfci\ #J£l£ (Ah Ga y 
Ini-x -,) NTS 0£x£l, 0£y-£l, 0^x + 
y^l©> MilttGaN, AlGaN^C«koT«ffi£t 

So 

[0 0 13] ^WC^-S^^lz—ifSW^ 

#*8HJ3tk ^flfcRRfctl**©^*^. HI 40 
tt, !f©-«I©««»rilSiaft^ 
-T„ ^©flUcfciNTIi, y*^l©WffiffcEfit**fi& 
*S2^ M> K«JRt«t5%®l/— !f#£«J6tt5 
InGaNfcioTJSfifcLfcS^T-ifcSo £©4MSttl/ 
-If ft, H2Ha6©££:i^fc*ttSm»riBBIfc# 

[0 0 14] BUratidfc, Sffil 1 fcl/COtt*. 

tfcffi-y-7 7"f7&&±ic, m©$fsm £©0rc-tt 

n^OaNJgtiS/t^rJgfcfctK i»o&MtS 
n{ftjfafl§#:3>*? F/gl 2£:r.t:7 50 



^2 0 0 0-3 1 5 9 9 

4 

^■wwdcgts. «ioTx ^©±t N mmonmom 

Ifivy FJ11 3i:lyT©m»AlGaNJg x |a]*£L 
nfi©gl#<f FBI 4fcl/t©0S;l«GaNJg, H 
IC, 0J*«Ga,-x In x N£Ga,- y In, N (x* 

y) ££z&msL?#pmm<Dmiffli 5,.z<Dts&m 

1 5fefeKt*»2^SM % C©#IT-l£p§J©&MJgl 
6 £ LT©A 1 GaNjg, %21H YMllt^xmH 
©pS!©0!l*«GaNJl, *2^y Kill 8^bT© 
P*£KpS©#]*fcfAlGaNJi, Mtx 3>77h;i 

1 9fct/t©pS©GaN!£®&M0CVD (Metalo 
rganic Chemical Vapor Deposition: W$t£JSfvfflfi2 

[0015] 03ratiot: x 3>^^M1 

9±©, yy.^aspic, tat^Tfct t&mtm&t 

S#fRlfc@tf37 F 5 -f 7tt©^7 7® 2 0 &Bf&t 

d©^77Ji2 0fciu fllAtt^littic^ CVD 
(Chemical Vapor Deposition : fb^W&ffljfcg) i££«fc 
oTSiO a fcflMU 7*MJ V7*7 7-f fc<fcoT0y 
Atf»»JR©anr^->7*»K:j:oT^— >xy^>^ 
UT, MOiS;tt57 r^-f 7ttC«a8t*. 
[0 0 1 6] 04ratJ:3Kx V7»7jg2'0£x**- 
> 7*^7 7 i: l/TR I E (Reactivelon Etching : £ft 
tt^>xj»f>y) fcioTx ^77/12 OKioT 
St)timgt5tgMU&3>77 hill 9£«UD!K $ 

2 © 7 7 y KM 1 8 (C A t) iitf fcx y > 7&fr o 
Ts T^JB2 0TC';s'5'UjBjatS. tfcfcfcy 
v^l©jSaffiSt*2 l€^fi8t*. 

[0 0 17] H5ratidC, $2 lrtfc«g&#Ji2 
£MO C VD&5V*#MBE (Molecular Beam Kpi tax 
y: ^x^^i/») tf»tJ;-»TJB*U ^77 
J12 0&l»At*. 

[ 0 0 1 8 ] 3 >7 7 r € 1 9 #£VM&frm 2 ±fcx 

nnt*y i©m«iffl3tBfi£$nfcSi2^JS2± 
^$nfexy^->7v77jg (ia^*r) &j^j*u 
WitiiRiECjLoTiaeratJidic, ^vtzvm 

1 2*^.SIJK:SM?*-5M*T-xy^>7't*. 

[0 0 19] -trbTx Biratidfc, 3>77h® 

1 2±tftJg«ati*-*©Sffi % ^©WettnfflflS 
a2 2**-^v7K:4fc&U 'JfS;i©3>^7h® 

1 9±^^ 4 4Ji^M2±(cMLfcT^M®«StJ:5ffe 
^©®8i> £©fl-ettpflB©Sfig2 3fc#~5*7fc:lfc 
Sft5. c:©cfcafc:tTx *»iBCJ;S^«»l/~1fft 
fas, .i©*»»i/-tftt^^*T*&<v SS©J;d 
t x ^SOS^I l±Wftffl©l/— tf&^&[5][$£jl2 
rtU 7*flst*^i:KJ:^TfiSWC«lJ§tSii: 

[0 0 2 0] c:©Hl©«tffcioT*effi«g4 1 On 
mCGaN^I/- tffe«J5EUfe. -irbT^ C©tg^ S 
Ji*S2l±. rSrai 5©m>K¥* v t\ ttat>*>% 



5 

COO 2 1] B7tt\ «a*JB2*In 0 . 8 Ga 0 . . N 

Jgl 8©^£d£. JB#r4s|£An£:©B|fii&^Lfcfc© 
T% Jg£d = 1 5 0 0AfAn=3 x 1 0- 8 iufe»K d 
= 1 000AfAn=5xlO- J W^. ZtllzX 
tl&, mVf&iM KSMOGaN^I/- If ft 
iTfcfc)*,. m$fmiH h'tt. aim An 
£1x1 o~\ H{c0^{cttA^3xio- 3 i:-rsc:i: 

1 5 0 OAT«^ KM© I/— VimbtlZZkifi 

[0 0 2 2] fbt, £©G a N^l/- tf IcjfciN 

«Ojg2^9ry Kll 8 ©M&*Wg 2 T©i?£d & 

1f©*ffi»l»**60HljW*©ia*lSl©jKtf D^^h fc© 

zziiftt,, E8*>^ 0 H =8° fcts';fs;(gi± 

2. 3//mii&5. 

[0 0 2 3] ±5EUfcGaN^l/— Jffc^TBU ■£© 

F^r-V v ^©*mjgfc£oT«j£Ufc*§^T-;& 
El©«jttl^©^igtJ:*^©© x *<DM& 

©iSv^i:urfim«cihfc:«fcoTx fesv>ttMit« 

«&Jt©^t«toT^©i!SJR^®:^lxl0 4 cB-'Jl 

[0 0 2 4] 09B: X CO**ti«OaN*|/- tffc 
:fcf*S x «j&^JI2©GaN& x -£©fi&jKlC:f3J*3±i£ 4( 
UfcMSx III ft#*VV&©&jg*Wtf&Jt, ^tt^K 
-7i^0^t,toT> Zmv—Wt (»S4 1 On 
m) K«-rai»JK«»a*^Yb*-frfc«^©, &fg*;JB 
*f^MAnfc©0|«S5sb&*»©T^ dftfc£oTtif?t> 

#lxlO< cm-'-efcnKSv^^^S, £fc x 
3fe»fctt£©!RJKflM6Mi, 5xl0 6 cm-'filTftH 
-3< 1 x 1 0 8 cm-'WTT-a^o 
[0 0 2 5] x ±mLtz3>*t b® 1 9tt x $?£L< 
tt^©J?;*£0. 3/zmfl i Ki:"r-&. LT\ £©3> 50 



^2 0 00-3 1 5 9 9 

6 

±^©*^fij£-ra«^tise,nst,©T«:3&<, jgi 0 

5 U y >>* 1 ±* £ Jf&fcjg 2 ± en ugo xmL t 
^©±^p{HjmS§2 3^3>^^ht- S<fca , cUT ^ 1, 

[0 0 2 6] ±i£Uc«t9t. *»WfcJ:ntt, JS£f* 
20 »fls % ^©efe^ JUWWbfcH* 

[0 0 2 7] *fc, aa*JB2fc % QaNffiflk f& 
t>*> l/— If ^-yW6»fc*JEK*m4: fePI 

[0 0 2 8] *UT. B01OK:«lt«J:^ a>** 
3£ % V*i>l±Ji*>M32&M2±li&ztjtttT S ig& 

£S&©T'&S 0 

[0 0 2 9] ffi x _fcifii,&«tt* mi&*.vm2o#4 

HiB^aftftfeilfeS CH(SeparateConfinement Heteros 
tracture)JgMi:U;fc«^T*fc£# x Cfifctf* KJf # 
ffitf-£>*l&l>l*fcig>5DH (Double Hetero)#3§©^ 

r> a^©#iigic:«fc«yys?s©js#f^-f 

3 ^"Sdi:*ST*§S*©T*^t) x Sfc±M©^l^SS& 

^b3fc^?>, H6T^L&:3>** hJii'2©-gB£g 
tii-r««^ ^©^@©^RSfc:<toTnMi:3&^)Mv^c 

[0030] 

[^©3%m] iiElfeJ:^, *»i«fc:J:5S<b«;m 

i ii-vm<t&to#m&i'-y^ m&rm#4 mm 
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ttU fltt-KKiiltS, E&^-K©** htf^lfeft [04] #S80££J;5¥gftU— tf ©-0J ©-!$!£& 
I/— if^-f *- K©i£MiStfTk0ft«flsfcttrt»3 £ i: [SI 5 ] I/— «f©-0ij©-:qsic43 

:WfSKb£05C*:#T-§5,> [07] FB©JS£dfcJH*r$iiAnfc©Rffi£ 

[0 03 1] *fcx GaNm tftfc-6U-1f*ft ^0T-^S, 

■j-fcfcfcl/— Vm®&tffiJ8M&£*mmttH££'oT 10 [08] 'J y $>gWfctfitfU-tf3fe©E£ffl©HiStfci: 

ffi#©^^SSftfc*£fcl£#£U. ©WflS*SV«B'C**. 
S£fc#fcV>. tfc^T, ^iiS-^x fiMft$0*Bft [09] *#»l/—tft:*(t5ffia^a©GaN©3fc» 

fJMb£BIS£i:#T-&3. [01 0] i5*Wl/-tfo(fe©«|CD«BSBf 

[0 0 3 2] «&#J8*, Si0 2 £Jtb»fc3 ®0T-fc*o 

<4fc1-«nfeGaN^*f)^K:<J;or«^Ufec:a:^?>, [011] t£#©#g#I/— !f©5fcHlA«Fttft^t0i? 

WISeo|gftK:J:oT^?i«±#S»*fl«jK:iI»T?g* 

ztfrbs SM^cSfSft, M«ttoiS±x ^K©»M [ft^©M] 

ffiJH* gseftflsfc 05 1 • • • 2 • • 1 1 • • • SIS, 

[0ffi©1B$&8&fH] 20 1 2 • • '^y^^YMs 1 3 • • .Jgi^v KJi,- 

[01] *«Wt^S*«»U-tf©-^©«WI»fia0 14 - • .JgUtM 1 KJg, 1 5 • • -SffiH, 1:6 • • 

*C-fc5. -mm, 17 • • •%%Z s 7y 1 8 • • .$2 

[02] #|giEt«fc54Mg;&l/— if©-0!I©-xgfcii #-f KJi, 19 • • hjf, 20 • - • v** 

l*5*P&»r®0-efc5, H % 2 1 • • 2 2 • • • n<Hg«& 2 3 • • • p 

[03] **ratJ;5^«#i/— tf©-^©-xg{cis ffigmfii 
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